The molecular properties of hemicelluloses. Project 2251, report two :  a quarterly report to Pioneering Research Committee, Pioneering Research Program by Thompson, Norman S. & Swenson, Harold A.






THE INSTITUTE OF PAPER CHEMISTRV
Appleton, Wisconsin









THE INSTITUTE OF PAPER CHEMISTRY
Appleton, Wisconsin
THE MOLECULAR PROPERTIES OF HEMICELLULOSES
As a part of the study of hemicellulose polymers of varying complexity
in their natural state and as derivatives, an opportunity has arisen to study the
xylan polymers of black spruce (Picea nigra). They were obtained from pulps (1)
which resulted from a series of digestions over a wide pH range.
At pH 9-11 of a typical sulfite cook the 4-O-methylglucuronoaraboxylan
is intact. This parent polymer however, loses the glucuronic acid residue at
the high pH of the kraft cook to become the araboxylan while, on the other hand,
when wood digestion is done at low pH the arabinose sugar residue is removed and
a glucuronoxylan is produced.
Removal of a sugar residue in this way from the parent polymer can be
expected to result in a new macromolecule with different properties. This might
be expected particularly when the charged glucuronic acid is removed. The
extent of weight loss which occurs in the removal can also provide.a clue to the
degree of branching present which in turn affects the solubility and sorption
characteristics of the polymer.
Two methods are commonly used to obtain polymer dimensions in solution.
One of these is to determine the dependence of light scattering on scattering
angle. This can be done only if the solution can be made rigorously free of
aggregates or dust. This has not proven possible with the three natural polymers
mentioned above although strenuous efforts were made to achieve adequate clarifi-
cation. The expectation that little aggregation and easier clarification will be
possible by using derivatives of the hemicelluloses are important reasons for
their preparation and measurement.
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The other method which can be used to obtain polymer dimensions is to
use the viscosity-molecular weight relation of Flory (2). While this method is
not ideally applicable unless the measurements are made on a monomolecular fraction
in a neutral solvent, it provides a means of comparison between the polymers.
The extent to which nonideal circumstances affect the dimensional data can be
checked later on derivatives of the polymer, for example the acetate, in an organic
solvent.
The intrinsic viscosity and molecular weight of the natural polymers
from black spruce are listed in Table I. The measurements were made in a 2:1
molal ratio, sodium hydroxide:boric 'acid, in water. The slopes of the
viscosity and light-scattering plots of most of the hemicelluloses show that
this solvent is actually fairly neutral, i.e., the concentration dependence of
the two measurements is small. The root-mean-square length dimension calculated
from the Flory relation and its ratio to the theoretical fully extended length
of the molecule, as well as the calculated constants which relate intrinsic
viscosity to degree of polymerization of the polymers, are also listed in Table
I.
Light-scattering analyses of the uronic acid-free araboxylan are not
reported in Table I. Two attempts were made to make measurements on this polymer.
On the first occasion it was found that residual color in the sample absorbed
too much light to make light-scattering measurements possible. After the sample
was purified further and measured again, aggregation occurred which gave falsely
high molecular weights even though strongly alkaline sodium borate was used as
the solvent. Overcoming aggregation (or crystallization) effects will be a
matter of continual concern and study until a solution to the difficulty is found.
TABLEI
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Cellulose nitrate t..8 (4)
Cel1luloe nitrate H-2 (4)
Cellulose triace.tate (2)
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Marked differences are shown between the parent glucuronoaraboxylan and
the arabinose-free glucuronoxylan in Table I. The intrinsic viscosity and molecular
weight and the mean end-to-end length calculated from them show that the glucurono-
xylan is apparently much more tightly branched or coiled than the parent polymer.
Although no molecular weight was obtained on the araboxylan, it, on the other hand,
has lost little in viscosity although its molecular weight must be lower since the
glucuronic acid residues were removed. This indicates that these residues are side
groups not involved in the main chain of the polymer. Data on hemicellulose extracts
from slash pine and black spruce as well as a galactoglucomannan from southern pine
obtained in earlier research (3) have been included in Table I for comparison.
The extract from slash pine consisted predominantly of glucuronoaraboxylan with
smaller amounts of galactoglucomannan, while the extract from black spruce was
predominantly a galactoglucomannan with a lesser quantity of glucuronoaraboxylan.
It is seen in Table I that the ratio of mean length to maximum length is higher for
both galactoglucomannan from southern pine and for the galactoglucomannan-rich
extract from black spruce than for the xylan polymers; the latter are thus apparently
more highly branched.
In general, the hemicelluloses are apparently either more branched or
more tightly coiled than are the nitrate and acetate cellulose derivatives also
listed in Table I for comparison. This is reflected by the increase in the K
-dp
constants (see footnote d to Table I) which show the unreality of using Kd constant
obtained on cellulose for the hemicelluloses and also the apparent unreality of
using a like viscosity constant for all hemicelluloses. The threefold increase in
the Kd constant for glucuronoxylan over that of the parent polymer needs checking
-dp
and confirmation by light-scattering measurements on these samples after acetylation.
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Work is now being started on the acetates of 4-O0methylglucuronoaraboxylan,
gum arabic, and cherry gum. Their preparation, reduction and study by viscosity
and light-scattering photometry will be described in a following report.
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